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AHHOTaNMA KmroueBnie cmoBa

[TpuBeneHb! pesyabTaThl MCCTEROBaHUs BAVsiHUA GopMbl  [a308biil dsuzamens
BIIyCKHbIX KaHAJIOB Ha TypOy/IM3allMIO U 3aKPYTKY 3apsia ¢ UCKPOBLIM 3AHULAHUEM,
B KaMepe CTOpaHMsA, CKOPOCTb CTOPaHNs CMECH, 3KOJIOTU-  3aKpYmKa 3apsiod, YucieHHoe
4ecKue M MHAMKATOpHble ITIOKasaTenmu apuratend. Vic-  modenuposanue npoyeccos
C7iefloBaHMeE BBITIOJTHEHO € IOMOIIBI0 MaTeMaTmdeckoro g J[BC

MOJIeNMPOBaHUs (PUSUKO-XMMUYECKUX ITPOLIECCOB, MPO-

TEKAIOMNX B KaMepe CTOpaHNs IMOPIIHEBOTO ABUTATEILA

IIpY CTOPAaHMM Ta30BOTO TOIUIMBA. CMOJEINpPOBaHbI Typ-

Oy/IeHTHOe TeyeHUe CMeCH, UCKPOBOe 3aKMTaHNe ¥ Cro-

paHMe rasoBoro Tommsa. [ MopienuMpoBaHuA TypOy-

7eHTHOro TeyeHusa wucnonb3oBana RNG (k-g)-Mopens,

I7151 MOJIeNIMPOBaHUA TOPeHMA IIPUPOHOTO Ta3a B KaMepe

CTOpaHNA — MOJIe/b, OCHOBaHHAsA Ha YJe/lbHOI! IUIOLIaN

MOBEpXHOCTM IUIAMeHW, TaK HaspiBaemad G-equation

Mogenb. Ilpyu MopenMpoBaHUM MCKPOBOTO 3aXKUTAHUA

MpUMeHeHa MOJIeflb IMCKPETHBIX YacTHUIl Afpa 3aKnra-

nust DPIK (Discrete Particle Ignition Kernel). B pe3ysnb-

TaTe MOJEMNPOBAHNA BbIABJIEHO, YTO 3aMeHa OJ[HOTO

BITYCKHOTO KaHaJIa Ha TaHTeHI[Ma/bHbII KaHaJI 103BOJIAeT

CO30aTh BUXPEBOE [BIDKEHNE U YBEIUMYUTb TYpPOY/IEHT-

HOCTb CMeCH B KaMepe CTOpaHus. YBelndeHne KuHeTude-

CKOIl SHepIMum cMecy Iepef IOfavyell MCKPBI BefieT

K YMEHBIIEHUI0 BpeMeHM cropaHus. [IpumeHeHme 3a-

KPYTKM 3apsAfa Ha BITyCKe C IOMOILbIO 3aMeHBI OJHOTO

KaHa/Ia HAIIOJHEHNs] TAHTEeHIVAIbHBIM II03BOJIAET 3Ha-

YUTENTbHO YAYUIINTD 9KOJIOTMYECKNe TT0Ka3aTeln JBUIa-

Te/Isl IPU COXPAHEHNU TOIUIMBHO-9KOHOMNYECKNX IIOKa-

sareneit. Jlna mopemposama ¢usmko-xummdecknx  [Toctynma 22.05.2020
IIPOLIECCOB B KaMepe CrOpaHMsA JCIO/Ib30BaHa mporpam- [Ipumsra 25.06.2020

ma ANSYS Forte © Asrop(sr), 2020
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BBegenne. B HacTosAmee BpeMsa ra3oBoe TOIUIMBO HAXOAMUT Bce Oojlee IIMPO-
Koe mpyMeHeHye. OHO MMeeT PsJ, IPeMMYIeCTB 0 CPaBHEHUIO C IPYIVMMU
MOTOPHBIMM TOIUIMBaMM. XOpOIIVe aHTU/IeTOHAIIOHHbIe KayecTBa I'a30BBIX
TOIUIMB, O/IATONPUATHBIE YCIOBUA CMeceoOpasoBaHUA, HIMPOKNUE IIpefiesibl
BOCIUIAMEHEHNA B CMeCSAX C BO3[AYXOM M JPYTue MOJIOXUTeNbHbIE CBOICTBA
3TUX TOIUVIMB O0ECIedYNBAOT BBICOKNE TEXHUKO-3KOHOMMYECKIE MOKa3aTenn
nsuraresneit. [1o ymenpHoi MOIIHOCTY U TOIUIMBHOM 9KOHOMMYHOCTY JTy4dllne
COBpeMEHHbIe I'a30Bble 1 TAa30>KUIKOCTHbIE ABUTATeIM OIMSKU K XKUJKOTOII-
JINBHBIM, a II0 TOKCMYHOCTY OTPabOTABLINX Ia30B M M3HOCY — VMMEIOT 3HAYM-
Te/IbHBIe IpenMylecTsa [1, 2].

B oreuectBennoit [2-8] u 3apybexxnoit [9-12] murepaTtype nogpobHo pac-
CMOTpPEHBI BOTIPOCHI, CBA3aHHBIE C pab04MM IIPOIIECCOM I'A30BBIX JBUIATEIEIL.
Cy1ecTBYIOT IBa HAaIIpaB/IeHMs OpraHM3aluy pabodyero mpouecca B ra30BOM
nBuraterne. IlepBblit cioco6 OCHOBaH Ha obecredyeHNn)t MeJIEHHOTO CTOPaHNUsA
CTeXMOMeTPMYECKNX Ta30BO3[YIIHBIX CMecell, BTOPOJI — Ha MaKCMMAaJbHO
OBICTPOM CrOpaHUU NpefeTbHO OeTHDIX CMeceit.

B nacroseit pabote paccMoTpeH paboumit mporecc ¢ OeHOIl CMeChIo.
B pa6orax [11, 12] nmokasaHo, 4TO TypOy/IMsauus 3apsja B KaMepe CrOpaHys
yBe/IMYMBAET CKOPOCTb TYpOYIEHTHOrO ropeHms cMmecu. [l TOro 4ToObI
YCKOPUTD Cropanue 6efHOI cMecy Hy>KHa MHTeHCH(UKalus ABVOKEHNUS 3apsi-
Jla B KaMepe cropaHus. BisHue GopMbl KaMepbl CTOpaHVsI Ha MHTeHCUpYIKa-
IUIO [BIDKEHMS 3apsAfa B IWIMHApe ABUTaTeNd HOAPOOHO pPacCMOTPEHO
B OTeYeCTBEHHOII [2-4, 7, 13] u 3apybexxnoii [9, 10] murepaType. B HacTosmei
paboTe BBLINOTHEHO MCCIeiOBaHNe BAMAHMA (GOpPMbI BIYCKHBIX KaHA/IOB
Ha TypOy/Iu3aIyio 1 3aKpyTKy 3apsja B KaMepe CropaHius, CKOpOCTb CTOPaHNsA
CMecH, 9KOJIOTMYecKye ¥ MHAMKATOPHbIe TI0Ka3aTe/ly IBUIATes.

ITocTpoenne TaHreHOMAaNbHBIX KaHamoB. ONHNUM U3 CIIOCOOOB OpraHMU-
3alMM 3aKPYTKM Ha BIIYCKe JIBUTATesA ABJAETCSA IpUMEHEeHMe TaHTeHIVAb-
HBIX KaHa/oB. OOmMMH I/ BCeX TUIIOB KaHAJTOB OCHOBHBIMU KOHCTPYKTUB-
HBIMM TTapaMeTpaMy ABIAKTCA MPOXOAHAasA IUIOIAAb, pasMep, GopMa U Me-
CTOpAcHONOXKeHMe BXOZHOTO OKHAa Ha TOJIOBKe, KOHPUIypauua U IUIOMIAfb
MIHJMMAJIbHOTO Ce4eHMs, [UaMeTp TOPIOBUHBI, a TakoKe OpMEeHTallMs KaHaja
OTHOCUTEIbHO LIMIMHApA aBurarens (7, 8, 14].

[Ipn npoduiMpoBaHNy TaHTEHIVIAIBHOTO KaHa/la OCHOBHBIMY ITapaMeT-
paMu IpM 3aJaHHOM PACIIONIOKEHUN TOPJIOBMHBI SABJIAIOTCA YTON BXOAa O
B IUTaHe ¥ YTOJI HAK/IOHA 3 K OCM B BEPTUKAIBHOI INTOCKOCTH (puc. 1).

MaremaTnyeckoe MopemnpoBaHue. TypOyneHTHOe TOpeHue TOIUIMBA
B Ta30IIOPIIHEBOM JBUraTesie BHyTpeHHero cropanus (JIIBC) xapakrepusyercs
CJIOKHBIM cOYeTaHueM (pU3MKO-XMMUIECKUX SIBJICHMII, CPeiy KOTOPBIX OC-
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HOBHBIMM SIBJIAIOTCSA TYpOy/IeHTHOe TedeHNe 3apsjja B KaMepe CTOpaHus 1 ro-
peHne MPMPOJHOTO rasa B Bo3Ayxe. B HacToAleit paboTe IPOBeEHO YMC/IeH-
HOE MOJIe/IMPOBaHME YKa3aHHbIX ABJIEHMII C nomoupblo nporpammbl ANSYS
Forte [15].

Puc. 1. Cxema TAaHI€HIMA/IbHOTO KaHa/ia

B mmxeHepHBIX pacdyeTax HauOOIBUIYIO IOMY/IAPHOCTD IIPU MOMEINPOBA-
HUJ TYpOY/IEHTHBIX TeYeHMII IIPHOOpeI MOJie/y, OCHOBaHHbIe Ha OCPeTHEHN
no Peiinonbacy — ®aspy cucremsl ypaBHeHuit HaBbe — Crokca (Reynolds-
averaged Navier — Stokes, RANS) [16]. Haubosnee pacrpocTpaHeHHOI Mofie-
JIbI0 IAHHOTO Kyacca sBjsieTcs (k—€)-Mopienb TypOy/IeHTHOCTY, B HACTOSAIIEN
pabore ucnonbayercs ee Mogudukaryst — RNG (k-€)-mopens.

B Hacrosiee BpeMs CyliecTByeT OOJBIIOE YMCIO PasINYHBIX MOIXOMIOB
K MOJieTMpoBaHnio ropeHus [17]. B oredecTBeHHBIX paboTax yacTo BCTpeyaer-
cs mpuMeHeHMe Mogmeny Marnyccena — Xaprarepa [2-4, 13]. B nacrosmeit
paboTe mpy MOMEIMPOBAHUY TOPEHMsI IIPUPOJHOTO ra3a B KaMepe CropaHus
MICTIO/Ib30BaHa MOJe/Ib, OCHOBaHHAs HA YHe/NTbHON IUIOLIANM IIOBEPXHOCTH
IUIaMeH!, TakK HasbiBaeMas G-equation mMopenb. [l11 MomenpoBaHus UCKPO-
BOTO 3&KUTAHUS MPUMEHSIACh MOJIe/Ib IMCKPETHBIX YaCTUI] Spa 3a)KUTAHWS
DPIK (Discrete Particle Ignition Kernel) [15, 18].

Omnmcanue gBurarensa. B kauecTBe 00beKTa MCCIENOBAHNS PAacCMOTPEH
neurarens tTuma YH15/17,5, oCHOBHBIe XapaKTepUCTUKYM KOTOPOTO IpUBefie-
HBI JIaJIee.
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OcHoBHbIe TapaMeTPbl IBUTaTeNLA

KO9(PPULMEHT TAKTHOCTH ..ot YeTbIpeXTaKTHBIN
YUMCIIO UVIMHAPOB B ABUTATETIE ...ecuvveriiirereiinesissineresisseresessenes 12

XOI TIOPIIHS, M covvviiirenesesesesiisisissssesesesesessssssssssssssssssssesesenes S$=0,175
JVaMeTP HUIMHIPA, M .covirieriiiriireniiinesiinsesessssesessssesessssesesssssnes D =0,150
F'eoMeTpUYECKAA CTETIEHD COKATH ..ucuvvviiieriisieniiienessneneaens e=11
ITocroannasa KIIM

A =0,275
... 1=1900
L op=14

(oTHOLIEHNME pafMyca KPUBOIINUIIA K [/IVHE LIATyHA)
YacToTa BpalleH1sA KOJIEHYaTOro Baia, 00/MUH ........

Koagp¢unyent n3bniTka Bo3ayxa

JlaB/IeHME Ha BITYCKE, AP ...cccvviiiiciiiciiiieiiciesieensienes P=1,8

TemnepaTypa Ha BOYCKE, K ... T.=370

TOTIIMBO ettt IIpuponHblii ra3
(100 % CH,)

T1OJTaAYA TOTIIIMBA ...coovveenreeereeenreecreeerecerveeeteeeeseeeseeeseeensesenseeennes Bremrnee
cMeceoOpasoBaHme

Da3pl razopacpeieneHuA
B 3aBMICUMOCTH OT YIJIA TLK.B. .ooeiriiiininiiinniniisisienenesieesnenenes 118-378° (BbIIyCK);
343-563° (BIyck)

PacuerHaa o6mactb. [IBa BapmaHTa TreoMeTpUM pacyeTHON 001acTu
IpuBeleHbl Ha puc. 2. MopenpoBaHue BBIIIOTHEHO ¢ HOMycheprdecKor Ka-
MepOJi CrOPaHUA U IByMs BapMaHTaMM BITyCKHOJ CUCTEMBI.

1. ITonycepudeckas kamepa CropaHis M OpUTMHAIbHbIE BITyCKHbIE KaHAIBL.

2. ITorycdepnyeckas kaMmepa CrOpaHusA 1 OfIUH BITyCKHOJ KaHA/I 3aMeHEeH
TaHT€HIIMA/IbHBIM.

PesynpTaThl 4MCIEHHOr0 MOJENMPOBaHMA. [[aHHBIN pasfie/l MOCBAILIEH
VICCTIEOBAHNIO B/IMAHUA MHTEHCUBHOCTY BUXPEBOTO JIBVDKEHMA 3apAJa B Ka-
Mepe CrOpaHMsA Ha TOIUIMBHO-3KOHOMMYECKNE VM SKOJIOTMYECKNE ITOKA3aTe
ra3oBOTO IOPIIHEBOro ABuratesd. [IpoBefeHbI pacdeTsl ¢ moaycdepmaecKkon
KaMepoii cropanus. B pacyeTHyro 06/1acTh BK/II0U€HbI BITyCKHbIE ¥ BBIITyCKHbIE
KaHaJIbl, CMOZIE/MPOBAH pabounit mporecc ¢ (asaMy HAMOTHEHUS, CXKATUSL,
BOCIVIaMCHEHNA M CTOpaHM:A, BBIITYCKa. HPOBC,E[eHO NCCIeqoBaHME BIMAHNMA
(dbopMbI BIIYCKHBIX KaHa/IOB Ha 9KOHOMMYECKIE ¥ 9KOJIOTYecKle II0Ka3aTeln
nBurarend. IlepBblil BapMaHT reoMeTpuM BKIIIOYAM B ceOsS OpUIMHAIbHbIE
BITyCKHbIE KaHaJ/Ibl, BO BTOPOM BapMaHTEe T€OMETPUM OJUH BITYCKHOJ KaHaJl
ObIT 3aMeHeH Ha TaHTeHLMAIbHBIN KaHa/I, YTOObI OpraHM30BaTh 3aKPYTKY 3a-
psAda Ha BITYCKE U UCC/IEA0BATD €TI0 BANAHNE Ha ITOKa3aTEIN OBUTATEIs.

Jns KaXKIoro BapMaHTa T€OMETPUM MPOBEJieHa CepusA PacyeToB, B KOTO-
PBIX BapbUpOBA/JIOCh 3HadeHMe yria omnepexxenus saxuranusa (YO3). Ilpn
CpPaBHEHUU TOIUIMBHO-5KOHOMMYECKMX M DKOJIOTMYECKUX IIOKa3aTeslell raso-
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Bapuanr 1 Bapuant 2

Puc. 2. PacyeTHas o6macrto:

a — BUL cOOKy; 6 — U3OMeTpuA

BOTO IIOPIIHEBOTO IABUTATE/IA /I KaKIOTO BapuaHTa BbiOupamt Y O3, cOOTBeT-
CTBYIOLMI MaKCMMAJIbHOMY KpPYTSAIIeMY MOMEHTY, T. €. MaKCMMaJIbHOMY 3Haye-
HIIO MH/IKaTOPHON MOIIHOCTH. Pe3y/bTaThl MOfie/MpoBaHus IPUBEJeHbI B Ta0-
JmIe. 3aBUCUMOCTY MIHAMKATOpHOV MomHocTy 1 uHaukaroproro KIIJT or YO3
VIS IByX BApMAHTOB F€OMETPUM BITYCKHBIX KaHa/IOB IIPUBE/IEHBI Ha puc. 3.

N;, kBt n; %
70 B 5175 B
6o | 51,0F
| 50,51
o | 50,0 F
49,5
66 & 49,0 +
65 1 48,5
64 ! ! ! ! ! ! 48,0 ! ! ! ! ! !
235 230 25 20 —15 —10 -5 0 35 —30 25 20 -15 —10 -5 0
VO3, rpan YO3, rpan
a 0

Puc. 3. 3aBUCMMOCTY MHAMKATOPHOU MOIHOCTH (a) u uHAnkatopHoro KII/I (6)
oT YO3 14 uccneyeMbIX BApMAHTOB BITYCKHbBIX KaHAIOB:

—— — nonycdepnueckas KC; —=- — momycdepmueckas KC ¢ sakpyrkoit
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IToxasarenu pabodero LKA JBUIATeA

Tapaverpst Bapmnant ¢ opurunansupiMu |BapuanT ¢ TaHreHIm-
BHYCKH])IMI/I KaHa/IaMI A/IbHBIM KaHa/IOM

VO3, coOTBETCTBYIOIMIT MAKCH- 50 _14
MaJIbHOMY KPYTAIIeMy MOMEHTY, 0°
Prax, 6ap 104 97
Tmaxs K 2303 2 300
Ocpennennas KMHETUYECKAA IHEP- 81 110
rus k npu YO3 0 = -40°, m*/c*
Yucno 3aKkpyTKU 3apsfa
B KC pu g)CI)S 0 =p—40° 0,02 21
MupukaropHoe naBnenue P;, 6ap 14,3 14,1
MupukatopHas MoImHOCTD Nj, KBT 70,2 69,2
Mupuxatopusiit KILI n;, % 51,8 51,5
ITotepu tennotsl B crenku KC, kJ>x 0,873 1,11
[Totepu tennotsl B crenku KC, % 9 11,5
O6pasoBaHe OKCHJIOB 277 1.8
asota NO,, r/(kBT - 4) ’ ’
[IponomXuTeTbHOCTD BBIfIEIEHUS
10?..@0 % TETIOTHI, TPaj ! 20,5 17,5
A mougHocTH, % 0 -1,46
A napgukaropsoro KII, % 0 -0,27
A obpasoBanns NO,, % 0 -21,3

BoimoHuM aHanm3 pesy/nbTaToOB pacueTa pabodero mporecca JBUTATEI.
VHpuKaTopHble IMarpaMMbl I/ UCCIeNyeMbIX BAPMAHTOB BIIYCKHBIX KaHA/IOB
npuBeneHbl Ha puc. 4. Hambonbmee 3Hauenue P (104 Gap) mMeeT rasoBblil
OBUTATE/Ib C OPUIVHAJIbHBIMUA BIIYCKHBIMYU KaHajaaMy, IPUMEHEHNE 3aKPYTKI
C IOMOIbI0 TaHTEHIMAJIbHOTO KaHalda IIOHM3WIO MaKCUMajabHOE JlaB/IeHue
nukmna P (97 6ap).

I'padmkn 3aBUCHMMOCTY OCpeTHEHHOI 10 00'beMy TeMIIepaTyphl B IIV/INHIPE
ABUTATeNA OT YITIa OBOPOTAa KOJIEHYATOro Baza (ILK.B.) MpMBefieHa Ha puC. 5.
B oboyx BapmaHTax 3HayeHMs MaKCHMMa/IbHOM TeMIepaTypbl IMKIA OIN3KIL.
B razoBoM pBurartesne ¢ OpUrMHajJIbHBIMM BITyCKHbIMM KaHajmamu 1T = 2303 K,
B [a30BOM JIBUTaTesIe C TAHTe€HIIMANbHbIM BITYCKHbIM KaHasioM T = 2300 K.

Ha puc. 6 nokasaH rpaduk 3aBUCHMOCTI YMC/Ia 3aKPYTKYM B KaMepe Cropa-
HIUA B 3aBUCMMOCTHM OT yI7Ia ILK.B. BuiHo, 4T0 3aMeéHa OJJHOr0 OPUIMHAIbHOTO
KaHaJla Ha BITCKe CO3/IaeT 3aKPYTKy 3apsAjia B KaMepe CrOpaHus.
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P, 6ap T, K
100 - 2000
80T 1500
60
20l 1000
20 t 500
0 1 1 0 1 1 1
540 630 720 810 900 540 630 720 810 900

Vrous n.x.B., rpaj Yron n.x.B., Tpay

Puc. 4. 3aBUcuUMOCTD aBieHUA B KaMepe
CTOpaHMUsA OT yI/Ia ILK.B.:

— — nonycpepudeckass KC; — — mony-
chepnueckas KC ¢ sakpyTkoir

3,5
E 30f
22,5'
§ 2,01
o 1,5_
S 10}
70,5t
0 L

360 450 540 630 720 810 900
Yron n.x.B., Tpajg

Puc. 6. 3aBUCHMOCTD YMC/Ia 3aKPYTKU
B KaMepe CropaHus
OT yI7Ia IL.K.B.:
— — nonycepnueckas KC; — — momy-
chepnueckas KC ¢ sakpyTkoir

Puc. 5. 3aBMCHMOCTD OCpeTHEHHOI
110 00'beMy TeMIIepPaTyphbl
B KaMepe CropaHus OT yI/a ILK.B.:
— — nonycdepnyeckas KC; — — mony-
cepuueckas KC ¢ sakpyrkoir

k, M2/c?

500
400
300
200
100
0 . . . . .
360 450 540 630 720 810 900
VYrou n.x.B., rpaj

Puc. 7. 3aBucuMOCTb OCPEJHEHHOTO
3HaYeHMA TYpOyIeHTHON KMHeTUIeCKOi
SHEPIUM B KaMepe CrOpaHus
OT YI/Ia ILK.B.:

— — nonycdepnyeckas KC; — — mony-

cepuueckas KC ¢ sakpyrkoir

3aBMCMMOCTD OCPEJHEHHOTO 3HaUeHNA TypOy/lTeHTHOM KMHETUIeCKOil SHep-
TUI B KaMepe CTOpaHus OT YIJIa ILK.B. IpMBe/ieHa Ha puc. 7. BupHo, 410 3aKpyT-
Ka 3aps/la Ha BIIYCKE IIO3BOJIAET YBENMYUTb KUHETUYECKYI0 SHEPIUIO CMeCH
B KaMepe CTOpaHusl.

TypOymusanms 3apsja JO/DKHA YBEMNYNTb CKOPOCTb CTOPAHMS CMECH B IV~
nuHApe aBuratend. Ha puc. 8 mokasaHa 3aBUCHMMOCTb CKOPOCTH TEIIOBbIIEIIE-
HUA B KaMepe CTOpaHMA OT yIia ILK.B. M3 puc. 8 cmemyer, 4To mpuMeHEHNe
3aKPYTKM YMEHbIIaeT BpeMA CrOpaHus:A 3apsja B Kamepe cropannd. IIpu stom
3aKpYTKa 3apsjja yBelIuuuBaeT Ha 2,5 % TeIUIOBbIe IIOTepy B CTeHKM (CM. Tabiim-
1y). 3aBUCHMOCTD TEIUIOBBIX IIOTePhb B CTEHKN KaMepbl CTOPAHNA OT YITIA ILK.B.
IpMBeJeHa Ha puc. 9.
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dQ/do, JTx/rpan dQ/de, Tx/rpan
700 1
600 20¢
500
I5r

400
300 10
200
100 S

O ! L L 0 Il Il Il Il

680 700 720 740 760 630 660 690 720 750 780 810

VYroin I.x.B., rpaj Vrous n.x.B., rpaj
Puc. 8. 3aBUCHMOCTD CKOPOCTU Pic. 9. 3aBMCHMOCTD TEIIOBOTO ITOTOKA
TEIIOBBIfIENIeHNA B KaMepe CTOpaHus yepe3 CTeHKM KaMepbl CTOpaHuUs
OT yI7Ia ILK.B.: OT yI/Ia ILK.B.:
— — nonycdepnyeckas KC; — — — — nonychepuyeckas KC; — —
nonycepudeckas KC ¢ 3akpyTkoit nonycepuueckas KC ¢ 3akpyTkoit

Bansanne ¢hpopMbI BIlyCKHBIX KaHA/IOB Ta30BOTO ABNUTaTels HA M3MeHe-
HMe JTOKAIbHBIX HECTAIlIOHAPHBIX NapaMeTpoB pabodero mpomecca. IIpo-
BeJIeHbl pacyeThl C IoIycepnyecKoi KaMepoil CropaHus C AByMs BapyaHTa-
M BBIIYCKHBIX KaHa/moB. PaccMoTpeHbl paboune HMKIbI, y KOTOpblx YO3 co-
OTBETCTBYET MAaKCUMaIbHOM MHAMKATOPHON MOLHOCTI.

Ha puc. 10 moxasanbl nMHUM TOKA B UWIMHADPE IOBUTATeNA B MOMEHT
540° n.K.B. BuiHO, 4TO TaHT€HLIMAIbHBII KaHAT CO3[jaeT BUXPb BHYTPU KaMe-
PbI CrOpaHuA.

Puc. 10. JIunnunu Toka B fBUraTene B MoMeHT 540° I1.K.B.:

G — BapMaHT C OPUTVMHAIbHBIMYU BITYCKHBIMY KaHa/laMMu; 6 — BapUaHT
C TAHTE€HL|MA/IbHBIM BITyCKHBIM KaHA/IOM

138 ISSN 0236-3941. Becthux MI'TY um. H.9. baymana. Cep. Mammsoctpoenne. 2020. Ne 6



Bnusinue 3aKPYTKM 3apsjia Ha BITYCKE Ha TOIVIMBHO-3KOHOMMYIECKIIE U IKOJIOTMIECKNE TIOKA3aTENN. ..

ITona ckopoctu B MoMeHT 700° ILK.B. ITOKa3aHbl Ha puc. 11. TaHreHnyamb-
HBIJl KaHaJI 3HAUNTE/IbHO YBEeINYNBAET CKOPOCTb CMeCH B KaMepe CrOpaHus.

a o

m;.a.“ml‘.y“Hu“m[....p.".‘.,'....,...‘I‘.u‘.‘.,,m.[....,..ul."m

0 2 4 6 8 10 13 15 17 19 21 23 25 27 29 31 33 35 38 40 wm/c

Puc. 11. [lona ckopocTu cMecu B Kamepe cropaHusa B MoMeHT 700° ILK.B.
B ockoctn Y = 0 (a, 6 — cMm. puc. 10)

3akpyTKa 3apsifia Ha BIIYCKe YBEIMYMIA TAKXXe U KMHETUYECKYI0 IHEPTUI0
cMecH B KaMmepe cropanus (puc. 12).

A Al g

o

mlnn|unl|u||nu||-||||||||||||||||n|||||‘|||||||||]u|||u||‘||||im

0 12 23 35 46 58 69 81 93 104 116 127 139 151 162 174 185 197 208 220 m>/c?

Puc. 12. [Tons xuHeTNYECKOI IHEPTUYU CMECH B KaMepe cropanus B MomMeHT 700°
ILK.B. B I1ockoctn Y = 0 (a4, 6 — cm. puc. 10)

IIpocnennth M3MeHeHMe moBepxHOCcTU (ppoHTa mramenu B KC mpu pas-
HBIX 3HAYEHMAX YI/Ia ILK.B. U1 JIByX BapMaHTOB T€OMETPUM BIIyCKHBIX KaHa-
JIOB II03BOJIsAET puC. 13.

Ha puc. 14 npuBeneHo n3MeHeHue 1OJel TEMIIEPATYPbl X MacCOBO SO
okcuyoB asora B KC npy pasHbIX 3HaUe€HUAX yI7Ia ILK.B. B BapuaHTe ¢ TaHTeH-
IJaTbHBIM KaHa/oM Temneparypa B KC Menblie, m03TOMy 06pa3yeTcs MeHb-
1Ie oKCuaoB asota. ['paduk 3aBucumoctu MaccoBoit gom NOx B kamepe cro-
paHus OT yIJIa ILK.B. IPUBEMIeH Ha puc. 15.

BpiBogpl. 3aMeHa OJJHOTO OPUTMHA/JIBHOIO KaHalda TaHT€HLMAJIbHBIM Ka-
HAJIOM II03BOJIeT YBEINYUTH YNCIO 3aKPYTKM M 3aMeTHO TypOYIM3MpOBaTh
3apAJ B KaMepe CTOpaHuA.
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a 0

Puc. 13. [ToBepxHOCTb QPOHTA IUTAMEHU /IS PA3HBIX 3HAUEHNUII YIJIa ILK.B.
(a, 6 — cm. puc. 10)
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Puc. 14. ITons temnepatypsl (4, 6) ¥ MacCOBOI IO OKCUJOB a3oTa (8, 2)
B KaMepe CrOpaHus /s Pa3HbIX 3HAYEHNUI YI/IOB ILK.B. B IITOCKOCTH Y = 0:

a, 6 — BapMaHT ¢ OpPUTVMHA/IbHbIMM BITYCKHBIMIN KaHa/IaMI; 6, ¢ — BapuaHT
C TaHT€HIMAa/IbHBIM BITYCKHBIM KaHa/IOM
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Puc. 15. MaccoBas fona NO, B KaMepe CrOpaHIsA B 3aBMCUMOCTY OT yTJIa ILK.B.:

— — nonycdepnyeckas KC; — — nonycdepuueckas KC ¢ sakpyrkoit

3aKpyTKa 3apsAfa CWIbHO BIMAET HA IPOLECC CTOPAHMA TOIUIMBA. Y BeIMYe-
HMe TYpOYIEHTHONM KMHETMYeCKON SHEepPIMyM K MOMEHTY IIOJAuyM MCKPBI II0-
3BO/IWIO YMEHBUIUTb IPOJO/DKUTENBHOCTh Bbifenenusa 10...90 % Ttenmorsl
¢ 20,5° mK.B. (11 BapuaHTAa C OPUTMHAIbHBIMM BITYCKHBIMI KaHA/IAMMN)
mo 17,5° m.K.B. (/11 BApMaHTa C TAHTeHI[AJIbHBIM KaHaoM). [Ipu aToM 3akpyTKa
3aps/ia yBeIM4YMBaeT TEIVIOBbIE IIOTEPU B CTEHKM Ha 2,5 %.

3aMeHa OJHOTO OPUTMHA/IPHOTO KaHa/la Ha TaHT€HIIMAIbHbII B/IMAET HA 3Ha-
yenue YO3, cOOTBETCTByIOIEE MaKCMMaJIbHOMY KpPyTALIeMy MOMEHTY. [l Ba-
pyUaHTa C OPUTMHA/IbHBIMU BIIyCKHbIMU KaHanamu YO3 = -20° 1LK.B., JJI1 Bapu-
aHTa C TAaHTeHIIMaIbHBIM KaHajaoM YO3 = -14° 1L.K.B.

[IpuMeHeHMe 3aKPYTKM 3apAfa Ha BIIyCKe ¢ Moaycepudeckoi KaMepoii
CTOpaHMs IPUBEJIO K CHIDKeHMIO Ha 21,3 % BBIOPOCOB OKCHIOB a30Ta IIPMU CO-
XpaHEHNM TOIUIMBHO-3KOHOMMYECKMX IIOKa3aTe/eN JBUTaTels.

PesynbraThl paboThI IOTy4eHBI C VICIIOIb30BAHMEM BBIYMCIUTEIbHBIX pe-
CypcoB cynepkoMIbioTepHoro nenrpa Cankr-Ilerepbyprckoro mommrexHmde-
ckoro yHuBepcurera Ilerpa Bemnkoro.
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INFLUENCE OF INLET CHARGE SWIRL
ON FUEL-ECONOMIC AND ENVIRONMENTAL INDICATORS
OF A GAS-PISTON ENGINE
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A.B. Zaytsev abzaytsev@mail.ru
A.Yu. Shabanov aush2003@mail.ru

Peter the Great St. Petersburg Polytechnic University,
St. Petersburg, Russian Federation

Abstract Keywords

The paper introduces the results of studying the influ-  Spark ignition gas engine,
ence of intake ports shape on turbulization and charge charge swirling, numerical
swirl in the combustion chamber, combustion rate, simulation of processes
ecological and indicator values of the engine. The study in internal combustion engines
was carried out using mathematical simulation of phys-

icochemical processes occurring in the combustion

chamber of a piston engine during gas fuel combustion.

The turbulent flow of the mixture, spark ignition and

combustion of gas fuel are simulated. To simulate the

turbulent flow, the RNG (k-g)-model was used, to

simulate the combustion of natural gas in the combus-

ISSN 0236-3941. Bectunk MI'TY um. H.9. baymana. Cep. MammHocTpoenne. 2020. Ne 6 143



I1.C. ITaueit, }0.B. Tanbimes, A.B. 3aitues, A.1O. [llabanoB

tion chamber a model based on the specific surface area

of the flame, the so-called G-equation model, was used.

When simulating spark ignition, the model of discrete

particles of the ignition kernel DPIK (Discrete Particle

Ignition Kernel) was applied. As a result of simulation,

we found that replacing one inlet channel with a tan-

gential channel allows creating a vortex motion and

increasing the turbulence of the mixture in the combus-

tion chamber. An increase in the kinetic energy of the

mixture before the spark is applied leads to a decrease

in the combustion time. The use of swirling the charge

on inlet by replacing one filling channel with a tangen-

tial one can significantly improve the environmental

performance of the engine while maintaining fuel and

economic indicators. The ANSYS Forte program was Received 22.05.2020
used to simulate the physicochemical processes in the Accepted 25.06.2020
combustion chamber © Author(s), 2020
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BBIIIIA B CBET MOHOTpadus aBTOPOB
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J1.H. OmenbyeHKO

af—; %poM, B.M. KapTsenuwsmnm, 2 5 «Teop]/[}I ) § l'lpaKT]/lKa
.H. OmenbyeHko =

Pl MOI[CJII/IPOB&IHI/I}I IMHAMUKN
TEOPUS U MPAKTUKA
MOJENIMPOBAHUS| IUHAMMKM SKOHOMMYECKMX CHCTEM
3KOHOMMYECKUX CUCTEM B IIPOMBILITIEHHOCTI»
B MPOMbILLNIEHHOCTH

ViccienoBaHbl akTyaibHble HayqHble IIPOG/IeMbI MOJEMPO-
BaHUsA IMHAMUYECKMX IIPOIECCOB B 9KOHOMMYECKNX CHCTe-
Max. VI3/105kKeHbI OCHOBBI MOJI€NMPOBAHMs IMHAMUKY IIPO-
M3BOJCTBEHHO-COBITOBBIX M COLIMA/IbHO-TICYXOIOTMYECKIX
MPOLIECCOB B3aMMOJEICTBIS 9KOHOMUYECKUX CYOBEKTOB.
ITpepcraBensl paspaboTaHHbIE ABTOPAMK AMHAMUYECKIe
MOJIeNH, OTPAXKAIOIIVE Pas/INYHbIe ACTIEKTHI GYHKIMOHUPO-
BaHI SKOHOMITIECKMX CHCTeM B IIpOMBIIUIEHHOCTH. ITpo-
AQHA/IM3MPOBAHbl IPVIK/IAJHbIE ACIEKTbI MCIIONIb30BAHMS
MHCTPYMEHTOB CUCTEMHOJ IMHAMMKM M areHTHOIO Mojie-

MMPOBAHNA VA MCCIE[OBAHNA My/NIbTHATEHTHOTO B3alMO-
, ZeiicTBIA ¥ IPOG/IeM BHEPEHNA COBPEMEHHDIX TeXHO/IOT VI
i
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